Abstract-Current annual expenditure for management and renewal of infrastructure assets around the world is 500 billion US dollars. With an aging stock of infrastructure, innovative methods for management of risk of failure and optimizing of maintenance expenditure becomes extremely important. Whilst different infrastructure assets may have different attributes, governing issues are similar in nature. Prediction of deterioration of some infrastructure is complex since they can constitute of a number of discrete elements with a vast range of influencing factors. A major issue currently faced by local government agencies in Australia is the inability to predict maintenance and replacement expenditure with a reasonable accuracy, which creates situations where emergency repairs would use the funds kept for routine maintenance, which then creates a vicious circle of deterioration.
Out of the above, the most common approach used by the industry is a deterministic method based on condition data and fixed deterioration curves. However, these approximate methods lack the ability to account for uncertainties, which is essential to manage risk of maintaining assets to provide the required level of service delivery. Preliminary research at RMIT (Setunge and Kumar, 2005) have indicated that to consider majority of the issues affecting management decision making for effective service delivery of councils a reliability-based approach incorporating some attributes of the ISO The element is sound, operationally safe, and exhibits only minor deterioration C Unsatisfactory The element is operational but major repair or replacement will be needed soon.
D Failing
The element runs a serious risk of imminent breakdown l\, Similarly, the distribution after n steps can be obtained by vP, p2 is the two-step transition matrix for the system. Similarly, P3 is the three-step transition matrix, and P1 is the n-step transition matrix. This means that the ijth entry in P1 is the probability that the system will pass from state i to state j in n steps. Probability of an element being in a given state at a given point in time can then be depicted by the set of curves shown in figure 3 . Florentzou et al (2000) has used a similar set of curves established empirically from condition data. These curves, once calibrated for a given type of an element exposed to a given exposure condition and a given usage type can be an extremely powerful tool in predicting the reliability based life cycle performance of the element. The reverse cumulative probability corresponding to the conditional probabilities shown in figure 3 can be plotted as shown in figure 4 . At a given point in time, the figure 4 can be used evaluate the probability of the element being in a given condition at a given point in time. For example, at 20 years, the element would have 5000 probability of having condition A and 500O probability of having condition B. V. Forecasting of the deterioration of the building Once the transition matrix is developed for a given element type, the cost of maintenance can be calculated as a function of the deterioration curves. Figure 7 shows the forecast expenditure without a maintenance plan for 9000 The paper presented the concept of using Markov chain for deterioration modeling of buildings. The data collection regime for validation of the proposed method is given. Using a higher level division of building into elements and some approximate data based on expert opinion, the method of application of the proposed method is demonstrated.
The cost of maintenance activities can be estimated for a given level of confidence as opposed to a deterministic measure, which allows the infrastructure asset owner to select a given level of risk in managing critical infrastructure.
